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ABSTRACT
The clove, known botanically as Eugenia aromatica, has a big potential in 
essential oil market. Eugenol from clove oil is beneficial for therapeutic purposes and 
flavoring. It is extracted from clove bud and mostly exported as crude clove oil. 
However, there are changes in market demand of clove oil where the purified clove oil is 
needed with purity more than 90%. This research is conducted in order to separate the 
eugenol from clove oil using typical or conventional batch distillation column. The 
objectives of this research are to understand the operation of batch distillation as well as 
its conditions to obtain eugenol with has high purity and is colorless. Eugenol is taken 
out from the clove oil based on different boiling points by using the principles of vapor 
and liquid equilibrium. The distillate products are analysed using the gas 
chromatography to ensure both eugenol component and purity. At the end of this 
research, a high purity of eugenol, 87.28% purity was achieved. The performance and 
separation behavior of batch distillation was understood as well.
ABSTRAK
Bunga Cengkeh, yang juga dikenali sebagai Eugenia aromatica, mempunyai 
potensi yang amat besar dalam industri minyak esen atau Essential Oil. Komponen 
terpenting iaitu eugenol daripada bunga cengkeh sangat penting sebagai perasa dan juga 
terapi. Ia diekstrak daripada tunas cengkeh dan dieksport ke pasaran dunia dalam bentuk 
minyak cengkeh mentah. Walau bagaimanapun, berlaku perubahan dalam permintaan 
pasaran minyak cengkeh di mana ketulenan minyak cengkeh lebih diutamakan iaitu 
melebihi 90% tahap ketulenan. Penyelidikan ini dijalankan bertujuan untuk memisahkan 
eugenol daripada minyak cengkeh menggunakan Penyulingan Berperingkat. Objektif 
penyelidikan ini adalah untuk memahami operasi penyulingan berperingkat dan cara 
untuk memperoleh eugenol yang lebih tulen dan tidak berwarna. Eugenol diesktrak 
daripada minyak cengkeh berdasarkan perbezaan takat didih menggunakan prinsip 
keseimbangan wap dan cecair. Hasil penyulingan di uji dengan Gas Chromatography 
untuk memastikan komponen eugenol dan tahap ketulenannya. Ketulenan minyak 
cengkeh dapat ditingkatkan iaitu 87.28% tulen dan sifat prestasi dan pemisahan dapat 
difahami menggunakan penyulingan berperingkat di akhir penyelidikan ini. 
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CHAPTER 1
INTRODUCTION
The separation process is one of chemical engineering fields that present 
opportunities for reducing waste and using energy and raw materials more efficiency as 
well as play important roles in most processes of natural products. The separation 
process includes distillation, evaporation, dehydration and much more. The separation of 
components can be done using distillation process where it involves a change of state, as 
of liquid to gas, and subsequent condensation.
1.1 Background
The distillation is one of the oldest unit operations in chemical engineering where 
it is widely used until now. Both of continuous distillation and batch distillation can be 
used in separation of a multi-component mixture where continuous distillation is used 
when large quantities are to be distilled, otherwise batch distillation is preferred. The 
continuous distillation system uses a number of distillation columns while in batch 
distillation, one distillation column is necessary in separation of multi-component 
mixtures into several product streams. This make the batch distillation column quite 
attractive for numerous applications for its operating flexibility and equipment cost. 
The use of batch distillation is more feasible than continuous distillation in 
production of specialty chemicals, pharmaceuticals, polymers and biotechnology 
                                                                                                                                      
products where the annual requirement can be manufactured in few days or few batches 
in an existing plant. These high value-added products are continually introduced in the 
market and often require high purity and this makes the separation step an important part 
of the process. 
Inverted, middle vessel and multi-vessel column configurations (Figure 1.1) are 
the alternatives that have been developed in order to improve the conventional batch 
distillation column. Although good separation results can be gained, capital cost is 
increased to retrofit the conventional column and they are not convenient to be applied 
to the continuous change feeds to be processed (Peng et al., 2006). 
(a)                                               (b)                                                
(c) (d)
Figure 1.1: (a) Conventional batch distillation; (b) Inverted-vessel batch distillation; and 
(c) Multi-vessel Batch Distillation; and (d) Middle-vessel batch distillation.
So, operation policies that are mainly focused in the researches of batch 
distillation include cyclic total reflux operation, constant reflux operation, optimal reflux 
ratio operation and constant distillate composition.
The essential oil is a “concentrated, hydrophobic liquid containing volatile aroma 
compounds from plants” where it can be purified by batch distillation process. Although 
the production of essential oil is very low, this high value product can give high 
promising economic return. The clove oil is one example of essential oils.
The major constituent in clove essential oil, eugenol is very important. The 
purified clove essential oil can satisfy the pharmacy grade demand of eugenol and the 
price of selling is higher than crude clove oil. This research will investigate the 
appropriate operation of batch distillation to optimize purity of eugenol which gives 
large contribution in knowledge. The findings and developed technology from this 
research can also be implemented to purify other essential oils.
1.2 Problem Statement
A wide variety of natural organic compound, numerous functional groups and 
molecular framework are composed in essential oil. The clove oil which is the source of 
eugenol, the phenol compounds is widely used not only as an analgesic but also in 
antiseptic agent in dentistry. The crude clove oil consist about 70 wt % of eugenol but 
the pharmaceutical grade standard requires up to 99% purity. Therefore,                 
proper methods are needed to satisfy the demand in purified essential oil.
Batch distillation takes on lot (or batch) at a time of crude clove oil and splits it 
into products by selectively removing the more volatile fractions over time. The 
performance of batch distillation process in purifying the clove oil will be investigated 
throughout this research. Although continuous distillation has it own advantage i.e. 
designed to operate for longer hours, the advantage of batch distillation lie in the use of a 
single column as opposed to multiple columns and its flexible operation as well as strict 
quality control (Mujtaba, 2003).
Solvent extraction and reactive extraction are two other methods besides batch 
distillation to purify clove essential oil. Unlike batch distillation, the solvent extraction 
involves a certain solvent addition such as sodium hydroxide to the process while the 
reactive distillation involves a complex process. Therefore, the use of batch distillation is 
the best method to separate eugenol from clove oil as it separates by different boiling 
temperature and remains the solvents’ ‘virginity’.
1.3 Objectives
The aim of this research is to study separation performance of clove oil using 
batch distillation system.
1.4 Scopes
This research is conducted via experiment studies using typical batch distillation 
to optimizing purification of essential oils without reactive extraction. There are two 
scopes that have been identified from the objectives mentioned earlier:
1. To identify optimum reflux ratios and cut temperature to produce pure 
eugenol.
2. To determine the suitable sequences for batch distillation operation
                                                                                                                                      
CHAPTER 2
LITERATURE REVIEW
2.1 Essential oils
Essential, volatile or ethereal oils can be defined as “mixtures composed of 
volatile, liquid and solid compounds which vary widely in regard to their composition 
and boiling points” (Guenther, 1949). The essential oils are said to be the concentrated 
essences that can be extracted from various parts of plant including flowers, fruits, herbs, 
plants and more potent than dried herbs. There have been used for centuries because of 
its therapeutic and perfumery qualities.
Essential oils are the “system of medicine” (What are Essential Oils, 2007) where 
it can improve our lives physically, mentally, and spiritually as well. The potent medical 
properties make the essential oils to be among the greatest resources in the world. In 
fact, it does not remain in human body and leave no toxins behind compared to other 
chemical drugs. Until now, massive research on the therapeutic properties of essential oil 
has been carried out in many countries especially in Middle East and Europe. 
Most of essential oils are extracted using steam distillation. Below is a listing of 
some essential oils (Table 2.1) with its common (other) names, country of origin, 
method of extraction, and some other uses (Essential oil description, 2007).
                                                                                                                                      
Table 2.1 : Essential oils
ESSENTIAL 
OIL
COMMON 
(OTHER) 
NAMES
BLENDS 
WELL 
WITH
METHOD OF 
EXTRACTION
COUNTRY 
OF 
ORIGIN
OTHER 
USES
Allspice
(pimenta 
officinalis)
Pimento, 
Pimenta, 
Jamaica 
Pepper
Ginger, 
Geranium 
Lavender, 
Ylang-
Ylang, 
Patchouli, 
and Neroli
Steam 
distillation of 
leaves and 
berries
West Indies, 
South 
America, 
Jamaica
Cosmetics, 
Perfumery, 
Flavoring
Cinnamon 
(Leaf)
(cinnamomum 
zeylanicum)
Ceylon 
Cinnamon, 
Seychelles 
Cinnamon, 
Madagascar 
Cinnamon, 
True 
Cinnamon
Clove, 
Nutmeg, 
Mandarin, 
Bay, Ginger, 
Lemongrass, 
and 
Patchouli
Steam 
distillation of 
leaves and twigs
SriLanka, 
India, 
Madagascar
Dentistry, 
Perfumery, 
Food, 
Pharmaceutics
Ginger
(zingiber 
officinale)
Commin 
Ginger, 
Jamaica 
Ginger
Palmarosa, 
Mandarin, 
Ylang-
Ylang, 
Juniper, 
Lime, and 
Coriander
Steam 
distillation of 
ground, dried 
root
China, 
Japan, India, 
West Africa
Perfumery, 
Food Industy
Lime
(citrus 
aurantifolia)
Mexican 
Lime, West 
Indian 
Lime, Sour 
Lime
Neroli, 
Citronella, 
Lavender, 
Rosemary, 
Clary Sage, 
and all other 
Citrus EO’s
Cold pressing of 
peel
Brazil, 
Mexico, 
Italy, West 
Indies, U.S.
Confectionery, 
Food Industry, 
Perfumery
*(Essential oil description, 2007)
2.2 Clove oil
One example of essential oils is Clove Oil. Resembling small nails, the clove 
name is derived from a French word, clov which means nail (All About Cloves, 2007). 
The clove is native to the North of Moluccas (popular as Spice Islands of Indonesia) and 
it was cultivated in Brazil, the West Indies, Mauritius, Madagascar, India, Sri Lanka, 
Zanzibar and Pemba (Essential Oil Information, 2007). Clove which is known as Bunga 
Cengkeh in Malay, is strongly aromatic and grows to fifty feet and represents a major 
contribution in medical history. The essential oil can be extracted from clove parts such 
as stems and leaves, but the best clove essential oil comes from its buds (Figure 2.1 (a)). 
(a) (b)
Figure 2.1: (a) Clove flower or buds and (b) Clove Spice
Among other spices, clove was the first spice to be traded and it was imported to 
Alexandria in 176.CE. Moreover, the Southeast Asia people used it for thousand years 
and it was regarded as ‘magic potion’ to cure almost all ills. Beside act as medicines as 
result from the presence of phenol, the clove is said to be necessary spice (Figure 2.1 
(b)) to certain dishes in different cultures because of its intense in aroma and flavor as 
well as has the hot and slightly sweet characteristics. The classification for clove can be 
referred in Table 2.2 (Wikipedia, 2007).
Table 2.2: Classification of clove
*(Wikipedia, 2007).
According to encyclopedia of spices, 2003, the clove oil can react as effective 
remedy or medicine in many ways. In order to refreshing breath before audience with the 
emperor, the Chinese officials in 266 B.C.E would chew some cloves. By sucking on 
two whole cloves without chewing or swallowing, the folklore said that they can help to 
reduce the desire for alcohol. The traditional Chinese physicians treated indigestion, 
diarrhea, hernia, and ringworm, as well as athlete's foot and other fungal infections 
effectively using cloves. More over, Indian Ayurvedic healers have used cloves to treat 
respiratory and digestive ailments while the medieval German herbalists used them as 
part of anti-gout mixture. Contemporary herbalists also recommend cloves for digestive 
complaints and its oil for toothache because of its primary chemical constituents which 
include eugenol, caryophyllene, and tannins.
Kingdom Plantae
Filum Magnoliophyta
Class Magnoliopsida
Ordder Myrtales
Family Myrtaceae
Genus Syzygium
Species S. aromaticum
CH2CH=CH2
O
OCH3
O
H3C
CH2CH=CH2
HO
OCH3
(a) (b)
2.2.1 Eugenol from Clove Oil
One important constituent from clove oil is eugenol. Structures of eugenol and  
eugenol acetate are shown in Figure 2.2.
Figure 2.2: Structures of (a) eugenol and (b) eugenol acetate
From Figure 2.2(a), it can be seen that eugenol contains a carbon-carbon double 
bond and a phenol, an aromatic hydroxyl group. There are simple chemical tests to 
characterize the clove oil using these functional groups. 
i  ) A solution of bromine (Br2) in dichloromethane (Figure 2.3) decolorizes as Br2 reacts 
with the double to form a colorless compound. A positive test is the disappearance of the 
red Br2 color. 
Figure 2.3: Reaction of bromine in dichloromethane
ii ) A potassium permanganate (KMnO4) solution (Figure 2.4) can oxidize double bond 
at room temperature to form a 1,2-diol with the simultaneous reduction of Mn7+ in 
KMnO4 to Mn
4+ in manganese dioxide (MnO2). A positive test is the disappearance of 
the purple KMnO4 and the appearance of MnO2 as a muddy brown precipitate.
Figure 2.4:  Reaction of a potassium permanganate solution that oxidize double bond
iii) Phenols (Ar-OH) react with the Fe3+ ion in iron(III) chloride (FeCl3) to give 
complexes that are blue, green, red, or purple. The color may last for only a few seconds 
or for many hours, depending on the stability of the complex.
2.3 Purification Methods of Clove Essential Oils 
Purification of clove oil can be done in several ways. Below is the description of 
process.
2.3.1 Reactive Purification Process (Sodium Hydroxide, NaOH)
Unlike eugenol, sodium eugenolat, the derivative from eugenol is soluble in 
water and can be obtained from reaction between eugenol and sodium hydroxide. The 
further reaction between sodium sodium eugenolate and hydrochloric acid (HCl) can 
separate the eugenol from the mixture (Essential oil Corner, 2007). The reaction and 
process (Figure 2.5) are described below:
Eugenol + NaOH → Na-eugenolat + HCl → Eugenol
Figure 2.5: Reactive purification process
2.3.2 Purification Of Clove Via Batch Distillation Column
The batch distillation can be used to process crude clove oil in order to enrich 
eugenol while decreasing the amount of other components (Zamar S. D., et al, 2004). 
Unlike reactive purification, batch distillation is the suitable method in purification of 
clove oil because it does not involve any additional solvent and remains the virginity of 
the clove oil. Further explanation about batch distillation in described in another section.
2.4 Introduction of Distillation
Separation of two or more liquid components in a mixture can be done using 
distillation process where it implements the principle of relative volatility or boiling 
points. The separation of mixture using distillation become easier when there is a greater 
difference in relative volatility where it can increase the nonlinearity. The vapor is 
created from the liquid phase of mixture from distillation still by vaporization at the 
boiling point and being condense to remove it from the still. The “heavy” or “high 
boiling” components (less volatile) concentrate in the liquid phase while the “light” 
components which is more volatile, concentrate in the vapor. The batch distillation is 
suitable in specialty chemical process especially in essential oils production.
2.4.1 Batch Distillation
The extraction of essential oil can be determined using batch distillation where it 
is referring to the use of distillation in batches. Unlike continuous, a mixture is distilled 
in batch distillation into its components by different boiling point completely before the 
distillation still can be charged with another mixture. The evaporation and condensation 
process are important in the batch distillation.
Batch distillation is said to be the oldest operation used where it is widely used 
for fine chemicals and specialized products such as alcoholic beverages, perfume, 
pharmaceutical and petroleum product productions. It is the most frequent separation 
method in batch processes. The conventional batch distillation column includes features 
of a bottom reboiler/receiver which provides the heat transfer surface and feed charged 
to be distilled, a tray or packed rectifying column superimposed on the reboiler that 
attached with either a total condenser or a partial condenser system, and collector tanks 
of the main and or the intermediate fractions from distillation process (also known as 
series of product accumulator tanks). 
In order to increase or enrich some components while decreasing another 
compound from essential oils, the batch distillation is the correct process. Even though 
there is no complete elimination of non desired components, increasing the reflux ratio 
and number of stages theoretically will extend the separation. 
2.4.2 Batch Distillation Control
2.4.2.1 Constant reflux, varying overhead composition
Reflux is set at a predetermined value at which it is maintained for the run. Since 
pot liquid composition is changing, instantaneous composition of the distillate also 
changes. The progress of a binary separation is illustrated in Fig. Variation with time of 
instantaneous distillate composition for a typical multicomponent batch distillation is 
shown in fig. The shape of the curves is functions of volatility, reflux ratio and number 
of theoretical plates (Digital Engineering Library, 2007).
Distillation is continued until the average distillate composition is at the desired 
value. In the case of binary, the overhead is then diverted to another receiver, and 
intermediate cut is withdrawn until the remaining pot liquor meets the required 
specifications. The intermediate cut is usually added to the next batch. For a 
multicomponent, two or more intermediate cuts may be taken between product cuts.
Figure 2.6: Typical variation in distillate and reboiler compositions with amount 
distilled in binary batch distillation at a constant-reflux ratio
*(Digital Engineering Library, 2007).
Figure 2.7: Distillate composition profile for a batch distillation of a four 
component mixture
*(Digital Engineering Library, 2007).
2.4.2.2 Constant overhead composition, varying reflux
If it is desired to maintain a constant overhead composition in the case of a 
binary, the amount of reflux returned to the column must be constantly increased 
through out the run. As time proceeds, the pot is gradually depleted of the lighter 
component. Finally, a point is reached at which the reflux ratio has attained a very high 
value. The receivers are then changed, the reflux is reduced and an intermediate cut is 
taken as before. This technique can also be extended to multicomponent mixture (Digital 
Engineering Library, 2007).
2.4.2.3 Other control methods.
A cycling procedure can be used to set the pattern for column operation. The unit 
operates at total reflux until equilibrium is established. Distillate is then taken as total 
drawoff for a short period of time, after which the column is again returned to total-
reflux operation. This cycle is repeated through the course of distillation. Another 
possibility is to optimize the reflux ratio in order to achieve the desired separation in a 
minimum of time. Complex operations may involve withdrawal of sidestreams, 
provision for intercondensers, addition of feeds to trays, and periodic charge addition to 
the pot.
There are some suggestions made by previous researchers on optimizing the 
purification of essential oils using batch distillation. Zamar S.D. et al. (1998) had 
contributed their ideas of simplified model batch distillations where it gives recycling 
alternatives and optimizing the operation conditions; reflux ratio and extent of 
separation. They suggested a recycle of an intermediate slop cut. 
2.4.3 Advantage of Batch Distillation
The main advantage of batch distillation is its flexibility in purifying many kinds 
of products with different specifications. An increasing variety of products have been 
manufactured in batch plants and the deadline requirements have also become shorter. 
With frequent process changes, it is impractical to use rigorous models for control tasks 
because a rigorous dynamic model for batch distillation consists of a large number of 
nonlinear differential equations and demands much information about the system 
(compositions, vapour and liquid flow-rates, liquid hold-ups, in all stages every instant,
tray hydraulics, energy balances, liquid-vapour equilibrium data). So, it is necessary to 
develop models which capture the essential elements of the dynamics.
2.5 Summary of Literature Review
Table 2.3: Summary of literature review
Year Author(s) Area of Study
2007 A.D.A. Feryanto Essential Oil Corner
Isolation of eugenol from clove oil by 
NaOH 
(retrieved from http://ferry-
atsiri.blogspot.com)
2007 McGraw-Hill 
Companies
Batch Distillation with Rectification 
Control (retrieved from 
http://www.digitalengineeringlibrary.com)
2007 Wikipedia 
Foundation, Inc
Eugenol
Essential Oil
Definition and functions
(retrieved from 
http://www.wikipedia.org)
2007 Aroma Creation. 
Inc
Origin of Clove
(retrieved from
http://www.aromacreations.com)
2007 Planting and preserved clove (retrieved 
from http://www.disbun.jabarprov.go.id)
2006 Bai Peng, Xiaofeng 
Li, Min Sheng, 
Shuang Song, 
Guanpeng Zhao and 
Xingang LI
Study of Dual Temperature Control 
Method on Cyclic Total Reflux Batch 
Distillation Chemical Engineering and 
Processing 46 (2007) 769-772
2003 Silvina D. Zamar, 
Hector E. Salomone, 
Oscar A. Iribarren
Operation Planning in the Rectification 
of Essential Oils 
Journal of Food Engineering 69 (2005) 
207-215
2003 Dr. Iqbal M. 
Mujtaba
Batch Distillation: 
Design and Operation
Imperial College Press
2003 Epicentre Ensyclopedia of spices
(retrieved from http://www.theepicentre.
.com/spices/cloves/htm)
1948 Ernest Guenther The Essential Oils (Volume One)
D. Van Nostrand Company, Inc
                                                                                                                                      
CHAPTER 3
METHODOLOGY
The requirement and details of experiment work for the purification of essential 
oil will be understood in this section in order to accomplish the objectives. The 
laboratory testing and analysis of the essential oils are the most important items to be 
stressed on in this section. In fact, the analysis is conducted to develop standard curve 
for the experiment and to identify the performance and finding from the experiment. 
3.1 Overall Methodology
This research is done in achieving the pure eugenol from clove oil and can be 
divided into two major sections:
i) Purifying clove oil using batch distillation
ii) Analysis
The operation of batch distillation begins after all the parameter is set and the 
apparatus is ready. After the process is stop, the distillate product becomes sample for 
analyse using gas chromatography where the purity of eugenol is determined. The 
process is considered to be success or done if 90% purity of eugenol is achieved. The 
purification is done again if the purification is below than 90% purity where the distillate 
product is re-distillate again.
                                                                                                                                         
                                                                                                                   
Then, the process is continued and the redistillate product is being analysed again 
to find its purity. The summary of flow diagram of the overall process is showed in 
Figure 3.1.
Figure 3.1: Flow diagram of purification process
Start
Operation of Batch Distillation
Sample Analysis
No
Is the purification 
achieved more 
than 90% purity?
Sequencing Batch Distillation
Yes
Finish
                                                                                                                                         
                                                                                                                   
3.2 Material 
The sample of clove essential oils is provided by Faculty of Chemical and 
Natural Resources Engineering, Universiti Malaysia Pahang. Sample purification is 
achieved by batch distillation and analyzed using gas chromatography. The resulting 
clove oil fraction is rich in eugenol. Dilutions from batch distillation products were 
prepared using cyclohexane or n-hexane.
3.3 Apparatus and Overall Experimental Work
3.3.1 Apparatus: Batch Distillation Column with Reflux Ratio
Figure 3.2 of The Batch Distillation Column with Reflux Ratio (B/R 9600 High 
Efficiency Distillation Systems) is used for the experimental studies. It comprised of 
three major equipments; the distillation system, the enclosure cabinet and the 
microprocessor controller. The distillation system consists of a pot flask, motor, heating 
mantle, pot thermo well, pot platinum resistance thermometer, vacuum systems and 
fraction collectors. 
                                                                                                                                         
                                                                                                                   
                Figure 3.2: Batch distillation column with reflux ratio
                                                                                                                                         
                                                                                                                   
3.3.2 Overall Experimental Work of Batch Distillation
Figure 3.3: Overall experimental work of batch distillation
                                                                                                                                         
                                                                                                                   
3.4 Sample Preparation For Analysis
Standard solution of eugenol and clove oil  distillate solution samples were 
prepared by dissolving 1000 μL n-hexane solvent into one or two drops of the 
compound. The vials used were weighted before and after the samples poured into the 
vials.
3.5 Analysis
Identification of purified essential oil constituents is done using gas 
chromatography (Agilent Technologies 6890N USA) equipped with FID detector and 
capillary column (25m x 450µm x 1.20 µm). The optimum operating conditions for the 
most satisfactory elution profile, composition and spaced peaks was attained with the 
GC oven temperature programmed at a rate of 6 C°/min from 80°C to 230°C (S. Myint 
et. al., 1996). In same conditions, the result of chromatogram peaks is compared with 
reference compound.
Figure 3.4: Gas chromatography
                                                                                                                                         
                                                                                                                   
CHAPTER 4
RESULTS AND DISCUSSIONS
The outcome from the research will be discussed in this section. The vacuum 
pressure, cut temperature and reflux ratio effects towards the separation of eugenol will 
provide information to produce high grade of essential oils. 
The experiment was first done under pressured atmosphere, under different cut 
temperature. However, the eugenol which has the boiling point of 253oC (Material 
Safety Data Sheet, 2007), could not be boiled under this condition because the 
distillation column temperature physically could not exceed the temperature of 225oC. 
4.1 Effect of Vaccuum Pressure to Distillation Process
The experiment was then continued under vacuum pressure where the pressure 
above the liquid mixture to be distilled has been reduced to less than its vapor pressure. 
In other word, lowering the surrounding pressure will lower the boiling point. 
The higher vacuum pressure used in the distillation process, the higher heat must 
be supplied to the pot flask to boil the clove oil. The experiment was done under two 
vacuum pressures; 10 torr and 30 torr. From the observation, the desired products could 
be obtained with high purity under low range of cut temperature at 10 torr, while 30 torr
